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STUDY OF BONDING METHODS FOR
FLIP CHIP AND BEAM LEADED DEVICES

NASA CONTRACT NO. NAS8-25615
INTRODUCTION

A. OBJECTIVE ' A

- Under Contract No. NAS8-25615 Electronic Communications, Inc., has
pérformed a program with the objective of a comprehensive study and
evaluation for the bonding of "flip chip" and "beam leaded devices'" onto
hybrid microcircuit substrates used in high reliability spéce applications.
- The program included the evaluation of aluminum flip chips, solder
(silver/tin) bump chips,gold béam leaded devices, and aluminum beam

leaded devices.

1.0 General Requirements

" Develop and conduct a program to collect, generate, and evaluate data

and information necessary, to establish design, quality, and reliability
standards and screening techniques, recommended and mandatory, for

the joining methods used in mounting "flip chips"and" beam leaded devices"
onto hybrid microcircuit substrates. The areas of investigation shall
include contrcls related to fabrication, methods, design constructions,
environmental capabilities, material compatibility, failure modes and
mechanisms, and screening techniques that are most effective in detecting

failure mechanisms that may exist.

2.0 Mechanical Specifications
The individual devices after initial screening were mounted on test

substrates and sealed in flat packages for the evaluation program.

REPORT NO: SiER-71-0282

PAGE NO: 1



e — : _ =

3.0 Environmental Specifications - _
Thermal Shock: -55°C to +85°C (25 cycles)

Vibration (sine): 50 g. peak 20 - 2000 Hz in three axis
(4 cycles/axis)

Thermal Scan: ~65°__C to +125°C
Vibration Scan: 70 g: max 20 - 2000 Hz

Step Stress Test: -65°C to +125°C with simultaneous
 vibration from 20 g. to 70 g. maximum
in 8 steps | o

4,0 TFabrication Proéesées

Aluminum Flip Chip:
Device - 2N930 (Intersil)
Substrate - Alumina (glazed)
Metallization - Aluminum Thin Film
Device bonding - ultrasonic ”
Gold Beam Lead: .
Device - RM709 (Raytheon)
Substraté - Alumina (glazed) |
Metallization - Gold Thin Film
Device bonding - individual beam thermal compression 4
Soldér Bump Chip: |
Device - GAZ8075 (Hughes)
Substrate - Alumina (unglazed)
Metallization - Palladium gold thick film
Device bonding - soldér reflow
Alumihum Beam Lead:
Device 20TBL (Amperex)
Substrate - Alumina (glazed)

Metallization ~ Aluminum thin film- |

Device bonding - individual beam ultrasonic

PORT X0 : SIFR-71-0282,
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B. RESULTS

A total of two hundred and sixty-five (265) devices were included in the
final evaluation phase of the progreme Twenty (20) devme failures were
recorded from the initial electrlcal screening through final step stress

testing. The summary of the failures is included in Section C. 2.

C. PROGRAM DEVELOPMENT = |
The program was divided into two phases. The first pha'se was the
development of the bonding techmques The final phase was the

rehablhty evaluation program. The bondmg techmques are as follows:

1.0 Gold Beam Lead Bonding

Gold beam lead devices were designed with the thermocompressicn bonding

processes-as the method for interconnecting these devices inf;o hybrid
circuits. | An extension of this desidn is to utilize gold film metallization
to maintain a monometallic bonding system which is ideal for fhermo-
compression bond*ng The film used for the studies was a 6000 A thick
gold film over a 200 A nichrome film used for adhes1on ‘The films were
vacuum desgposited 'onto a glazed ‘alumma substrate using an electron-heam
gun for evaporation of the films. All bonding studies were made with
Raythecn RM 7T09BL beam lead devices fabricated by the planar process.
Silicon niiride is used as a hermetic passivation layer with a Pt-Ti-Pt-Au
metallization system., The RM T09BL, shoﬁm in Figures 1 and 2 is an
integrated circuit having fourteen (14) beam leads uniformly distributed
around its perimeter. The beams 'are_ 3 mils wide dnd extend 4 mils beyond
the edge of the chip with 7 mils between adjacent beams., The beams are
electroplated to a final thickness of 0.5 mils in a controlled gold plating

bath.

The devices are received from the manufacturer in two inch (2") square
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| plastic boxes sandwiched between a glass plate and thin sheet of plastic
material, A foam material makes up the remainder of the box allowing
little or no movement of glass slide, devices, or plastic sheet, The
devices are positioned on the glass slide in such a manner that inspection
of the devices is possible without removing them from the box. The lot

of devices received for this program came 5 devices per box. Mechanical
samples were received 25 per box, After receiving the devices at ECI,

they were stored in a dry nitrogen atmosphere,

Hand].iné of devices required the use of vacuum pickup metliodso Again,
the most efficient and simplest approach was used. ‘A simple vacuum
pickup system with a hand manipulated probe was chosen. The vacuum
tip is a syringe needle type instrument having a flat rather than angled end.|
Various sizes of vacuum tips were evaluated for this device; the #18
vacuum tip was chosed (OD = .050"; ID = 0.30"), The vacuum tip is
approximately two inches long and has been angled some 15 - 20 degrees
in the middle for ease of device manipulation. To remove a device from
the glass slide, it is necessary to first remove the plastic sheet over the
top of the devices,” In many instances the vacuum tip muSt be applied at
an angle approximately 30 - 45 degrees to the plane cf the glass slide in
order to pick the device up. In most cases, however, the vacuum tip can
be positioned on top of the device perpendicular to the plane of the device
body. Care must be takén and some {raining is necessary in order to
become proficient at this task. Omnce the device is held by the vacuum tip,

it may be transferred and positioned elsewhere.

Testing of the beam lead 709 was accomplished by building a test fixture
which consisted of the typical package/substrate system to be used in the
program less the bonded device. The substrate was T.C. bonded to the

package pins and the package then put into breadboard test setup. The
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beam lead devices were removed from their containers by vacuumn tip as
previously described and placed on the bonding pads of the substrate in
proper orientation. Very slight or no preSsure 'wasbrequired to obtain
sufficient contact to test the devices. After test data was taken, the
-de\_rice was returned to the glass slide of the container and properly
identified. This method afforded rapid beam lead testing without the
expense of sophisticated equipment. No damage to devices occurred. An
alternate method was used in laboratory test; this consisted of a similaf
test setup éxcept a hole Wés abraded in the Substra.te in the center of the
device pattern, as shown in Figure 3, and vacuum applied from .th'e bottom.
The vacuum used to hold the device in place was found to be unnecessary.
The vacuwn also caused positioni.ng and device removali problems.

- Probing the top of the device beams was also ‘attempted, but was found to
be time consuming and hazardous to device reliability. T-he first method -
described was found to be the most applicable. Smaller beam lead devices
have also been tested in this manner with little difficulty. Unless thousands
of devices require testing, it appears linnecessary to purchase special

.ha,ndling and test equipment.

One of the main goals of the program was to investigate various methods
of assembly tec}hniques used to fabricate hybrid circuits utilizing beam
leaded devices. The twé bonding téchniques of single beam bénd_ing and
simultaneous beam bondiﬁg were investigated with the most effort placed
on the least tried method of thermocompression bonding a single beam at

a time,

This method, when using pulsed. heated tips, has the least effect on other

\
devices on the hybrid circuit., The pulse heated tip may be the only way to
bond beam l2ads on hybrid circuits having temperature sensitive devices

since wobble head bonding utilizes a heated stage during bonding. A
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Weltek pulsed tip bonder, model 100/2 bonding head with a model AC-10A

power supply, was used to make the single beam bonding studies.

~ Another ‘important goal was to cdmpare the various methods of testing
the bond stféggfh developed by the various bonding teChni.ques. The
air-blast method was refined by thé Bell Telephone Laboratories and'is
' .W.ell documented in published technical literature. It was decided that
more information would be obtained for comparison by concentrating on
a method where the beam leaded device was either pushed or pulled off
of the bonded substrate. Either of these methods are.more'pract‘ical

to most hybrid companies without any large capital éxpenditures.

The mechanical testing of aeam lead devices for the purpose of choosing
a bonding schedule is most valuable if used properly. By proper use, it
is meant that the bond strength be reviewed carefully and not intérpreted
as being the only decidiﬁg factor. Visual inspeétion after the device has
been removed from the substrate metallization is most important. The
obond strength data figures and failure mechanism along with a good visual

inspection are necessary for evaluating the bonding of beam lead devices.

Several types of mechanical tests were evaluated. The first td be dis-
cussed is that of shearing the device from the metallization x'vith a tool
moving parallel to the plane of the substrate. The tcol travel is one
~inch per minute. Special fizturing had to be fabricated in order to have
confidence in the test data. The shearing tool is similar to a milling .
tool and it is held stationery perpendicular to the substrate. Shear values
run from 200 to 400 grams in most cases with an average of approximately
300 grams. These values are for the fourteen lead bez‘tm lead integrated
circuit bonded with a . 0007" capillary tip pulse heated to 350°C and using

a bonding force of 40 grams. In most cases the shear test will cause

failure of the bonds edge. It is very seldom seen that a bond will fail
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| once the proper bond schedule is achieved. The bezimé opposite the-
side of the device where the tool started are usually doubled back over

and failure occurs at the beam/‘s_'ilicon interface., As the tool passes

. over the bonding pads, the gold bréam material remaining is usually

seraped and this sometimes causes loss of 1mport¢mt boading

1n:format10n

The second test method is that of pushing the device off through a pre-
drilled hole in the subétrate B_efore bonding the device to the substrate,
a hole is mechanically abraded through the QubSLrate Figure 3, in the
middle of the bonding pattern., In order that this hole be drilled, a
protectlve coating such as photoresist must first be put over the
metalllzatlon. After the hole is made, the substrate must be thoroughly

cleaned before bonding. The bond is then made as previously described.

The push test is made by s’uppdrting the substrate edges with the

metallization side down as shown in Figure 4.

A test gage with arm was designed to accept a needle type probe which
would clear the pre-drilled holes. The probe is placed directly over the
hole perpendicular to the plane of the substrate. The gage is held-
‘stationary while the substrate holder moves at one inch per minute. The
probe goes down thr_oug.h the hole and contacts the beam lead chip NEAR
‘the middle. As the holder continues to move, the beams are stressed
and failure occurs. The failure mechanism is generally that of the beam
fracturing at the bonds edge. It is usually found that the beams on one
-side of the device do not fail at all; this is due to the pjobe not being
centrally located dn the chip body. Some drag may occilr, also, s.‘ince '
scratch marks are almost always seen on the substrate metallization.

The average push strength of the fourteen lead devices are approximately
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75 grams. If only ten of the fourteen beams fail, it would avera;ge oﬁt
to 7.5 grams per beam. One ad.v’ant.age of this test is that the devices
are not lost nor are they damégefd to the extent that bonding information
- is lost. Since the deﬁcé is usuaily left hanging to the substrate by

2-to0 4 bea.fn_s, the sample can be filed for future use. - e

The third test method is that of at'taching a small diameter wire to the
device body and pulling until failure, The basic problem involved with
this technique is that of attaching a wire to the top of the device body.
Several different adhesive compounds were tried with little success.

_ Preésure sensitive compounds were also-used; the low viscosity and low
bond strength to silicon gave poor results, The wire used was gbld .
.005"” and . 006" in diameter with a ball formed on the end. When resulis
were obtained, they corresponded very well with those obtained from the

"push" test.

The fourth method used to mechanicélly test beam lead devices was the
"air gun' test. This method was not evaluated extensively due to the

additional equipment necessary for calibrating the air flow required.

Another aim of the project was to determine what the failure mechanism
would be for the beam lead devices, It was important to note the fre-
quency of each type of failure and to try to understand what caused each
| type of failure. Once this data were obtained, the bonding parameters -
would be studied to determine how they relate to each failure mechanism.
Finally a bonding schedule would be derived that would result in an

optimum bond for a high reliability hybrid circuit. )

The advantage of cold substrate bonding is obtained by pulsing a tungsten

alloy tip with a controlled pulse of energy. The type of bond formed will
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depend on the bonding pressure, temperature, pulse duratinn and the
configuration of the bonding tip. .Thg widest range of satisfactofy
metallurgical bonds are achieved when the bonding temperature is

- 350°C + 25+ and the pulse Width»ié 1.7 sec+ 0.2 sec. These two param-
eters Were'vmaintained in their réSpective range while the bonding

‘ pressure was varied for each type of bonding tip. The three bonding tips:

1. Sl(j).tte'd Wedg'e
2. Rounded Wedge
3. 0.007" Capillary -

were investigated to 'determine 't_he most compatiblle type for bonding
beam devices, Figures 5, 6, and 7. Satisfactory bonds were achieved
Withail three types of tips. The amount of bonding force was much
lower for the rounded wedge and the capillary tips. This is due to the
typé of beam defo-rmation caused by the shape of the tip that comes into
contact with the beam. The rounded wedge and the capiliary tips were
optimized at a bonding force of 40 gms + 5 gms. The amount of diffusion
was decreased as the force was decreased and if lowered enough would
result in a weak bond or no bound, as shown in the photograph in Figure 8.
As the force is increased much above 45 gms the beam becomes pinched
off at the heel of the tip and develops a weak point in the beam, Figure 9.
Corresponding effects occur with the slotted wedge tip at forées of

60 gms + 10 gms, Figure 10,

Al three types of tips caused the chip to raise up, called "bugging, "
when the first beam was bonded. 'The degreé of bugging depended on the
bonding force and the type of tip. The higher the bondipg force thg more
deformation of the beam and therefore resulting in more bugging. ' The
more narrow the bonding tip the worse was the bugging. Too much bug-

ging occasicnally causes beams to fail, as shown in Figure 11, because of

stresses when the device is realigned to the substrate. Since the

REPORT NO: SIER-71-0282
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capillary tip creates a circular deforimation coplanar with tl.le beam, the
degree of bugging is decreased, Figure 12. The best processing control
' was obtained when the first two bonds were made on beams that were
dlagonally opposite each other on the ch1p This prevented an excessive
amount of bugging during the remaining bonds and prevented any alignment
problem that might otherwise exist. Figure 13 shows a dévice bonded
- with the cap&llary tip and the device having good registratien with the
rhetallization pattern, | o
" The improper location of the bohd on the beam with respect to the chip
will frequently cause failures. If the bond is made too close to the chip,
~the beam may break at the chip peripheryo. Thermal sheck mayv occur to
the thin film on the substrate if the bond tip extends mﬁch beyond the outer
end of the beam. The optimum location for a bond made with a capillary
- tip is several tenths of mil from the outer edge of‘the 'beam, as shown in A

Figure 14,

| The number of repairs that can be» successfully performed depend on the
film metallization and the type of substrate used for fhe hybrid. Bonds
with beam diffusion into aluminum films are difficult to remove, The
beams are easier to remove from a gold thin film and resiﬂts’ in higher
yields. Hybrid substrates with the thin film on a glazed surface are more
difficult to remove the beams because of possible high stzéeeses created in
the glaze at time-of beam removal. Occasionaliy the glaze w;ill_ chip out

of the substrate and create a discontihuity in the circuit, Figure 15. If the
beams are not completely removed the alignment of the next beam lead
device may be difficult, . ' .

.A difference in bonding pad heights occurs where some beams are removed

and some beams are allowed to remain on the substrate. This often causes
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some beams on the replacempnt devme to break off at’ *! e chip durmg

bonding.

‘Some bonding experience was developed with a Micro-Tech béam lead
bonder using the multiple beam bonding process. The model 1190 Wobble
Head Bonder was used for all the festing This bonding uses a heated

' substrate stage and a constant heat’ bondmg tip (cullet) The best bonds

. visually were bonded at the followmg settlncrs

1. Substrate temperature - 125°C

2. Cullet'témperatur_e - 390°C

3. Bdnding force - - 275 gms o
4, Number of cycles: - 20or3

5. Wobble speed - =" slow

Bond strengths comparable to the bonds made with a capillary tip were

achieved with a minimum of effort..

The bond strength and type of failure mechanism. depends_ on the method .
of mechanical testing u'sea'fo. remove the devices. | '

The main two mefhods of testing bond stréngths are Wheré the device is
‘sheared or pushed off the substrate. The shear-test is perfofmed with a
force applied along the plane of the beams, This test provides readings
which range from 200 to 400 gms for a 14 beam leaded device. The shear~
test appears to be less sensitive to bonding parameters since the bond
strength is essentially the same for bonds made with 40 to 80 gms bonding

force,
AN

The '«'ﬁush—test” is achieved by applying a force perpendicular to the chip

on the bonding face of the device. This is accomplished by inserting a
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10 mil diameter needle through a 29 mil hole in the suliStrate_. A pushing
force is applied on the device until a catastrephic failure occurs, The
push-test appears to be more seneitive to bonding parameters and gives
.bong strength readings approximafely one-quarter the value of the shear-
test or an average of 75 gms. The explanation for botﬁ of these results
is the type of failure mode is entirely different for the push ~test than that [ .

(1),

" for the shear-test. The four main modes for bond fallure are

1. The peel strength of the bond - the force required
to peel the beam from the substrate or silicon
chip at an angle to the‘plane of the bond.

2. The buckling strength - the force requlred to
buckle the beam.

3. The shear strength of the bond - the force required

to shear the beam from the substrate or silicon

chip.
The peel strength is given by Elftherion at an angle of 90 degrees (90°)..
Buckling' end tensile strengths are several times stronger than the peei
strength., Shear strengths are an order of magmwde stronger than the
peel strength. - The main mode of failures for the shear-test is tensile
strength while the main mode of-failures for the push—te-st_is a combination
of peel and t‘ensile strength.. Most beam failures occur at the bonds edge™
where the beam has a reduced cross-section, Figures 9,.10 and 16, but

the difference in the failure modes causes the push-test to fail at lower

strength readings.

Beam lead devices can be bonded te unheated substrates by various pulse
heated tips. The capillary tip creates a slightly etronver bond and has a
. higher yield than the wedge tips. The higher yield is mamly because the

Ref. (1) Handling and Bonding of Beam-Lead Sealec%-Junc’cion
Integrated Circuits - M. P. Elitherion
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round caplllary tip does not have the excessive bugrflng rhat occurs in the |
wedge bonds. The multi-beam bonders (wobble head) are more -repeatable
and much faster once the equipme_ht is aligned and calibrated. It is rec-
ommended that for large quantitieé of beam lead devices that a multibeam

boncer be used for bonding.

.The method of testing the bonds, as indicated earlier, will depend on the
amount of equipment available. In theory the Bell System's air-blast test
is the best method of testing bonded devices. This test stresses- each
beam uniformly and can bé used as a non-destructive test. How‘ever, this
equipment is extremely expensive and not commercieilly available. The
‘most readily available equipment can be used to test beam lead bonds
satisfactorily by either the shear or the push-test method. Eitier method
cannot easily be used as a non-destructive test because the test visually
creates some permanent damage to the device., The shear-test is the
easiest and the less expensive but is not quite as sensitive a test as the’

push-test,

The common mode of failure for both the shear-test and puéh—test are
broken beams occurring at the bond edge. This is due to the weakened
area caused by the head of the bonding tip.. Occasionally faiiuljes 6ccur &
in the beam at the chip pefiphery and the bond frequéntly fails at the chip
to beam interface, Figures 9, 11, 18 and 17. Whenever the bonding
parameters are not kept within their range, ‘the beams may break anywherq
during the bonding process or a weak bond may result. The optimmum
bonding parameters for a capillary tip thermo-compression bond,

Figure 18, are: ‘ ' !

R
Y
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L. Temperature -~ 350 - 122570

2. Force - 40+ 5 gms | ~
3. Pulsewidth - 1.7+ 0.2 sec |
4

. Bond made within a few tenths of a mil
of the beam end.

~ The above parameters were used to bond approximately 150 Raytheon

RM 709 BL integrated circuits with satisfactory results, - -

. -
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2.0 Aluminurﬁ Flip Chip Devices '
| Flip chip devices generally have three bumps for diodes and four bumps
for transistor s, while integrated éircuits have 14 to 43 bumps. A four-
. bump device (Intersil IT 930), shown in Figure 19, was chosen as the
- test vehicle because it would have some of the alignment problems and
could be tested electrically and mechanically with a reasonable amount of

effort. .

" The first goal was to inVestigate the alignment problem and develop
methbds to alleviate the problem. The method would then be utilized to
| study the parameters of ultrasonically ‘bonding the chip to a 600013_\ alumi-
num film pattern on a glazed subst'rateo- The pattern, shown in Figure 20,
was designed to have each bump electrically isclated, sc that electrical
céntinuity of each bond could be tested on a bonded device. This was later
used to determine which bonds failed and became open. The outside edges
of the pattern was designed to aid in the alignment of the bumps to the |
bondhﬁg pads., Figures 21 and 22 show a top view and a bottom view of 2
bonded device. The bottom view was obtained from a ‘devi‘ce honded to a
metallized glass substrate. The strengths of the ultrasonic bonds would
be measured and used to determine the optimum bonding parameters. The
effects of typical flaws in the bumps would be investigated using thev opti-
mum bond schedule. The final obj ective was to deferminé if circuits using

flip chips could be repaired.

The method of bonding the aluminum bump devices to the aluminum film
would be to use a swept ultrasonic poWer supply, Buyfield Model 201, This
type of supply sweeps over a frequency range (centered at 60 kilohertz) that
will pass through the self-resonance frequency cf the boﬁding system. This
in turn, eliminates the critical tunihg of the power supply to the bonding

tool.

REPORT NO:_ SIFR-71-0989
PAGE NO: A




The alignment problem was investigated initially so that it would be re-
solved before the bending parameters were studied. Misalignment of the
bonded bumps would effect the outcome of the results. The parallé'lism
of the bumps to the substrate was difficult to determine visually. An
angle of approximately one degree- to two degrees is sufficient to have one,
bump not making contact with fhe subétrate pad after bonding. A film of -
silicone .m.old releé.se was Spray'ed on a substrate and uséd to 'initially' 4

- align the bonding tool with the substrate. This was dohe by making a
depression in the silicone film and adjusting the bonding tool until a uni-
'form pattern was made 1n the silicone film by the bumpé on the de'vice. |
This method also was used to select the best types of pick-up and bonding
tools. A die brazi.ng type of cul-lét, 'Figure 23a, would not always pick up
" the chip in the same plane and WOu_.].d 'prod.uce.partial bond§ aﬁd no bbnds,'
as evident in Figure 24. The planarity of the bumps on the Intersil
devices appeared to be controlled and the bump heights were within 0. 1
mil onv any one device. The subst’ra’teg were glazed ceramic from Coors

and were sufficiently _flat to cause very little alignment problems,

The best type of tool used to bond the flip chipsA would be.o'ne that could
also be uséd_ for picking up the devices. This would eliminate many

| handling problems, such as, tedious handling and time consuming hand
alignment. Several ultrasohic tools were tried that did not have a vacuum
pickup capability to determine if there were any other problems character-
istic of this type of tool. One problem that irequently occurred with a
rounded dowel tip with a radius of 5 mils or less (Figu_ré 23c), was that
the device would crack where the tip made contact with the chip. This
generally occurred when high bonding forces (>400 gms) were used to get
a satisfactory bond. ‘ ‘

1

The best type of bonding tip was a Micro--Swiss 400-10 die cullet, Figure

23h, with a vacuum hole for picking up the devices. The face of the tool
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is the form of a flat ring with a 20 mil outside diameter and a 5 mil inside
diameter hole. Wh-en the tip is aligned by the silicon film method, itwill
provide bonds with a very few parallel alignment problems. The face of

the tip rhust be cleaned fr equently"co prevent a build-up of foreigh matter.
The foreign inatter can cause exc2ssive movement between the tool and.. -}
the chip durmg ultrasonic oondmg A capallary tip, F1gure 23d, gives

similar results but is more difficult to useo

The vertical alignmént depends alrhost entirely on the skill of the gperator.
Where the Chips are preciéély scribed, the outer perimeter of the chip can
be used as an alignment guide. This guide when used on a thin film pattern
that matches the chip dimensions can result in good vertical alignment
- after bonding, as shown in Figures 21land 22. Another technique,

" eﬂectlve method " uses the bumps for alignment by observing the reflec-
tion of the bumps on the reflectlve thin film on the substrate. This method].
relies cn the operator's sklll Vand also can only be used on thin films that
are reflective enough to see the image. The‘adva‘ntage‘is that the chip need
not be scribed és accurate as in the first method. Another advantage is
that the orientation can be checked just prior to the bondmg The reflec-
tive method 'was found to be the most practlcal and easiest to Jmplement
and produce satlslactory results. Another method of using mfrared
techniques to observe the alignment through the substrate, was not tried,
This method would have the advantage of seeing where the actual bend was

made.

The main parameters in ultrasonic bonding aré ultrasonic power, time,
and applied to weight to the chip. The applied weight was varied from

125 gms to 660 gms with diffusion occurring over the whole range. It was
found that the weight had to be near the top of the range to prevent the chip

ir om r otating during bondlncf The pattern in Figure 25 is a good cxample
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.of a device that rotated during(bon'ding. ‘The rotation could be as much as
- 45 degrees and make if imposs'ible‘ to maintain alignment between the chip
| and the thin film circuit. This was especially true with the round bonding
tools, tynpi'cally shown in Figure 23'c. An impression of the tool would be
‘evident on tHe chip's backside when the weight was cori*ectly set fora . __
good bond; see I'igure 26. A weight of 400 gms was optimized when the
- Micro-Swiss 400-10 tip was used for bonding,. Excessivé weight would
cause excessive deformation of the bumps and could cause the devices to
short out electrically. The electrical shorts could be caused by th.e
 flattened bump bridging the thin film pattern on some devices, Figure 27,

or the bumps shorting two adjacent bonding pads.

The é,moﬁnt of ultrasounic power will depend on the number of bumps on the
dev.icle, the size of each bump, the type of bonding tool used and the type of
power supply. The swept fréquency Iiower supply Was used with the Micro-
Swiss 400-10 bonding tool to bond the IT 930 devices. The power was
varied from two watts to 20 watts. A minimum power of .30 5 watts was
necessary to get the devices to adhere well enough to make shear test on
them. The most consistent shear bond strengths were ob'tained with a
power range. of 7.5 watts to 16 watts. The optimum power was a function
of time (puise Width). The lower the power the longer the time required to
get a strong bond., The higher the power {he shorter the time required to
get a strong bond. While too short a pulse time would give a poor bond,
too long a pulse time would cause the bump to shear from the device,
Figure 28, or the thiﬁ film may shear or remove some glaze from the sub-
strfa'te; Figure 29. A, Til@ optimum power and time settings were determined
by the consistency of the shear bond strengths. An averggé bond strength
of 150 gms was achieved for an optimum setting of 13 watts for 400"

milliceconds.

-
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A vacuum hold-down is necessary to prevent the substrate from moving
during bonding. At the higher power settings it is also necessary to keep

the substrate holder cleah to prevent movement of the substrate.

The flip chip devices require consi’derablé care in parallel and perpen-
dicular alignment. The silicone film method or a similar method can be
‘used to align the chip's bumps to the tink film substrate. The lperpendicu—
lar alignment can be made by one 6f several methods that rely on the skill
of the operator. It is impor tant that the alignment be malntamed and

perlodlcally checked during a bondmg program.

The best bonding tool is one that_ can be used for device 'handling as well
‘as bonding. The ring faced tip that is smaller than the device provides
satisfactory bonds. This type of tool must be kept clean during bonding to

maintain the proper frictional force between the device and the tip face.

The bonding force must be sufficient to prevent the device from spinning
(rotatihg) and yet low enou'gh- fo prevent damage to the device or an exces-,
sive deformation of the bumps. The amount of power will depend on the
number of bumps and the size of the bumps. A four-bump device with
five (5) mil diameter bumps requires approximately 13 watts from a swept
frequency pdwér supply. The pulse time must be s'ufficiently long enough
to allow diffusion but not too long to prevent damage to the bond aftér dif-
fusion is complete, The photo in Figure 30 shows bonds having a minimum

amount of diffusion to the ideal amount of diffusion between the films.

The strength of the bonds can easily be measurad by a shear—test. An
average of 150 gms was achieved for the four-bump Intersﬂ dev1ce A

rinimum of 20 gms/bump should be easy to acquire. {
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Dev1ces that were bonded at the opumum bonding sc}kdulp can be removed
w1thout damage to the bonding pads, as was the case in TFigure 30, |
Another new device could then be _bonded into the same bonding pads using
the same optirnum bonding schedule. The strength of these bonds were
then measured and found to be about 10 percent higher than the initial
dev1ce This is-most likely due to the increase in diffusion as evident in
Figure 31, Generally the devices could be r emoved four to six times
without any detrimental damage to the substrate. Also the bond strength

would maintain an average of 150 gms.
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3.0 Aluminum Beam Lead Devices

The device used to study aluminum beam lead bonding was a discrete
transistor from North American }_;3'l1ill‘ips° The 1.5 mil thick silicon chip,
‘shown in Figures 32 and 33, is 8.5 mils square having four beams with a
width of 2.5 mils, a length of fow. mils and a thickness of 0,25 mils. The
devices were shipped in a package, Figﬁre 34, consisting of two

0.4"x 0.4 glass plates held togethéi‘ with a special spring clip. The
photo in Figure 34 also shows the devices in small cavities in one of the
glass plates. A larger view of a cavity with a device is shown in the
photo of Figure 33. One of the main cbjectives of the prograLm was to
investigate various techniqﬁes for handling these devices prior to bonding,
Any technique developed must not only be able to handle the very small
devices but must be delicate enough not to damage the sensitive 'aluminum

beam leads.

Aiter the best handling tool was determined, the next goal was to determing
what types of tools could be used for ultraSonica].ly bonding the aluminum
beams to aluminum thin film substrates, The deviceé were bonded to the
pattern etched in a 6000;; aluminum film shown in Figuré 35. A bonding
sc_hedule_wéuld then be developed for each bbnding tool that appeared

satisfactory.

The minute size of the s'ilicon chip makes the handling of the device
-extremely difficult. Many manual and semi~automatic systems were used
without obtaining a method that gi{fes consistent satisfactory results, A
very fine vacuum needle was initiallyvused to position the device onto the
bonding pads for bonding. Alignment was difficult and gery time consuming,
A semi-automatic tool consisting of a capillary bonding tip with a 10 mil
outside diameter and a 5 mil hole for the vacuum was satisfactorily'_ used

for positioning the device. This holder made it easy to align the device
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with the bonding pads and could be done quickly.” The 'fotational a.ligﬁment
was the most difficult because the .Sub.strate had to be rotated, This type
of positioning tool would require the device to be temporarily attached at
time of positioning to pre'_vent movement until the beams were bonded
permanentlj. It migllt also have k)éen pdssible to use a turret type head
(cOntaining fhe pickup tool and the bonding tool), to make_the bond right
after device alignment to the substrate, This was not tried because of -
the complex tooling design required for the coupling of the ultrasonic

energy to the bonding tool.

A handliﬁg tool thai could be used for both positioningl and bonding, such as
die brazing cullets, was investigatéd. Several types bf cullets Werre used
‘with some success but the results were nét consistent. Several cullets
were too large and the vacuum .Would draw the chip into the cullet and bend
the aluminum beams. The most appropriate tool was a 10 mil x 10 mil x
3 mil die brazing cullet from Mich—Swisso Some difficulty Was noticed
in always picking up the device in the centér of cullet such that all the
beams were lying dn the outer perimeter of the cullet. This misalignment

could cause pinched-off bonded beams.

The method of bonding the beams depended on what method was used to
position the devices on the substrates. When the capillary tip was used to
position the devices, a resin was used to temporarily hold the device in
piac_e. After the beams were ultrasonically bonded the resin was removed
by dissolving it with alcohol and then flushing with filtered alcohol. Once
the device was temporarily attached, fhe aluminum beam leads were bond-

ed individually with the following types of tips: !

1. 1 mil capillary ‘ - {
2. 5 mil capillary

3. Rounded probe with radius 1 mil
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Rounded dowel pin with radius 2 mils
Rounded wedge (Micro-Swiss #5006)
Flat wedge (Micro-Swiss #5007)
Slotted wedge (Micro-Swiss #5011)

SRR

o

The capillary tips and the wedge tips generally gave poor to fair bonds
‘mainly because of the non-parallelism of the bonding tip face and the
bohding pad. Bugging of the chip would occur when the temporary resiﬁ
bond was not sufficient to hold the device during bonding. The r ounded
tips gave fair to good bonds, two of which are shown on Figures 36 and 37.
This type of tool does not rely on an alignment of bonding faces since it
has a hemispherical bonding face. The probe tip produced a smzill bond-
ing érea and resulted in weaker bonds, Figure 36, The 2-mil rounded
dowel pin gave the best single beam bonding and was the most consistent,

TFigure 37.

Multibeam bonding was performéd with a Micro-Swiss 10 x 10 x 3 die
brazing culler (#604-TC), This tool provided relatively easy handling and
positioning and also the capability of multi-beam bonding. Good consistent
bonds could not be made because of the non-parallelism of the bonding tool
face and the substrate bonding pads. The limited amount of bonding

indicated that the bondlng parameters were:

1. Bonding - 20 to 30 gms
2. Ultrasonic energy - 300 to 500 m watts
3. Bonding time - 200 to 400 milliseconds

The dlifl(,ulty in the handling of the devices was the muor problem with the
aluminum beam lead device. Special tools would need to be designed for
each device which might become very expensive. The approach taken by

North American Phillips appears to have been well thought out. The equip-

ment that they use for handling and bonding appears to have been designed
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to alleviate the problems that were encduntered in the pfesent prograrho

A rounded hemispherical tipped) t{aol éppears to be the best type of tool for
bonding one beam at a time. The die brazing type of cullet would be
saticfactory for multibeam bonding if both bbnding surfaces were kept
parallel during bonding or if the wobble head system would be adapted for
these small devices. The North American Phillips approach is very
similar to a two-sided die cullet with particular emphasié put on the

parallel alignment of the bonding surfaces.
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4.0 Solder Bump Flip Chip , _
The solder bump flip chip which was chosen for the program was a
GAZB8075 Zener Diode from Hughes. The device has three silver/tin

bumps on a 20 mil square chip, ast shown in Figure 38,

The objectives necessary to successfully bond this type ch1p are as

follows:

1. The chip must be located on the circuit geometry
and held in place unt11 the actual soldering is
started.

2. Temperature control is necessary for stress
relief of bond,

3. Atmosphere must be controlled' to reduce oxidation.

4, The solder used must be compatlble to the devme
bumps and the circuit conductor material,

5. Removal of parts and repair of circuit is necessary.

6. Inspection of bonds is necessary.

The chips are accurately scribed so aiignment was fairly easily accomplisht
ed by operator by aligning outer dimensions of chip to circuit pattern. A
mirror Syst_em was tried that enabled the operator to see all sides of the
chip at once, but was discarded later as being ﬁnnecesséry. If irregular

chips are used it might be necessary to use a mirror system.

_ The chips were placed bump-side dm{;n on a mirrored chip dish and oriented
by rotating the dish, The chip was picked up by vacuum using a flat faced
round rool and posumned on the circuit, then ultrasomcahy pulsed at a low
power level for a short time duration. A standard die cullet was tried, but

due to flux being on the circuit, the cullet had to be cleaned too freqﬁentlyg
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The overall test pattern used for the program is given in Figuré 39. ‘The

pattern consists of:

1. gold pads for connecti'n-g to the flatpack,
2. conductors leading to the flip chip bonding pads,

3. glass dam overlays between the conductors an
the bonding pads, ) '

4. and the chip bonding ﬁadsa

The photo in Figure 40 shows a m‘égniﬁed‘view of the glass dams and the
bonding pads (using stl*ong back lighting). The bonding pads are pre-
tinned with solder and is restricfe_d to the bonding pads by the glass dams,
see Figure 41. Initially the glass dams were not used and, therefore,

the conductors would leach away the solder from the bonding pads. During
the bonding of the devices the solder bumps on the device would frequently
be leached away also; therefore, it was necessary to include the glass
dams in the test pattern. Figure 42 shows a sample device where the
bunips were leached completely off the device. The glaés dams were
essential fo be abie to control the amount of solder on the bonding pads.
The pads were préfinned with an excess of solder and 'thgn ground to a level
and smooth surface to a thickness that was one-half to oné times the thick-
ness of the thick film conductor. Palladium gold, DuPont 8451 conductors
were used for the bonding pads. The solder ECI previously used with this
conductor was tried and proved good; it was a (low melting point) 62/36/2
AG wolder; 60/40, and 63/37 solders were tried and were fair, more
leaching occured, so they were discarded. A 96 (SN)/4(AG) solder was
selected. It provided strong bonds, and was compatible with the solder
bumps on the chip. However, more leaching of the sold‘@jr occurred when
repairs were attempted. The main reason for its selection was a h“igh(—)l*

melting point solder was required because of package sealing temperature,

‘The sealing temperature{ must be lower than the device solder temperature
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or reflow could occur and might cause the device to become unbonded,

- All methods tried in pretinning thé pads were awkward, Following are

comments on the various methods tried:

Dip Tinning - a good method but difficult to control the
amount of solder on pads, also the areas of conductor
that are to be used for other types of bonding had to be
masked off, :

" .Solder Paste - not a good solder. The solder did not flow
but separated and formed small balls on pads

Solder Credm - a good method The solder flowed easily.
The solder cream might be applied by screening the
- material on to the circuit in the required areas.

For limited production, applying the solder with a small soldering iron

worked satisfactérily and was used for this prvogram.

After each method of applying solder it was necessary to mechanically

polish and level the solder to provide a smooth and flat surface,

After solder was appiied to the'substrate, flux was applied to provide a
means of holding the chips in plabe after chip placement and to aid the
solder reflow process. Spray coating the substrate ivas used to apply the
flux; a brush was-also used when it was desirable to apply flux to a2 small
area such as, when r epdn ing or replacmﬂ one CIllp on the c1rcu1t Both
methodo worked good when properly applled A thin coating of flux is nbed-\-
ed to prevent the flux from boﬂmg during reflow and ﬂoatmo the chip away

from its position,

A dri-nitrogen atmospher@ was prov1ded on ﬂll rcﬂow methods to redu\,e ,

oxidation durlnOr reflow.




Reflow Methods Tried

1.

Infrared reflow was not tried as the equipment was not available, but might
be a good method if the expense incurred in obtaining the equipmenf could

be justified.

Removal of flux after reflow was done by soaking the circuit in alcohol or

DWR solvent,. then spray cleaning with the same solvent,

Visual inspection under a microscope was possible. The visual inspection
was backed up by radiographic inspection which worked very well as the

solder bumps and circuit outline could be easily defined.

. substrate was then rapidly cooled. The rapid cooling might cause
. some stress at the solder bond. The rapid rise in temperature

capabilities and would be desirable for a high production quantity.

'Hot gas jet reflow: - Hot jet reflow was the method selected as best

Placing substrate on preheatéd hot plate in glove box: - Reflow was
accomplished easily with the entire substrate heated. The substrate
was removed from hot plate as soon as the solder reflowed and the

when the substrate is placed on the hot plate initially might also stress
the substrate. Repair or replacement of a single chip could not be
done without reflowing all the devices. :

Reflow of solder using a flat pack seallng machine: - This method
worked good as we were able to control the atmosphere, the time

at temperature, the rise time to maximum temperature and the

cooling rate axter reflow. A machine could be designed with these

in all instances. The substrate was placed on a heated stage at
175°C and pre-heated; then each dhip was passed under the heated
n1trogen jet and reﬂowed the jet temperatur«, was approx1mately
320° centigrade.

Removal of chip: ~ Removal of a chip was easily accomplished by
re-heating under the gas ]et and replacement. was easily
accomplished. 4 . .




The isostrength diagram samples were shear-tested initially, after
humidity and after thermal shock, - ‘The initial shear values averaged

359 gms with a low of 55 gms and & high of 660 gms. After humidity the
average Was 390 gms with a low of'"100 gms and a high of 640 gms. After
thermal shock the aver age was 539 gms with a low of 320 gms and a high

of 770 gms,

The three main failure mechanism observed when the dev'ices were
destructively shear tested are: |

1. Solder bumps not reﬂowmg due to 1nsuff1c1.ent heat,-
Figure 43. .

2. Thick film metallization pulling from the substrate,
Figure 44,

3. Bumps sheared from the devices, ‘Figures 45 and 46.

The first ﬁlechanism can and should be eliminated by the proper application
of heat. A bond of sufficient strength (60 gms or more) shou_ld either shear
the bumps from thé device or pull the metallization from the substrate as
shown in Figures 44, 45 and 46. Occasionally the device will crack and
chip out a’s shown in Figure 47. A well aligned and bo'nde.d device is

shown in Figure 48.

Although the results of the solder bump chips seem to indicate very good
bonds, ECI feels that for long term rehablhty the solder crack problems
which have been mvestlgated in printed circuit boards on the Apollo program

may limit long term reliability results with solder bump chips.

REPORT NO: STER—?l—O?LB:Z;
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\6 SUMSARY OF REPORT HATURE OF rﬁ!' UﬂtS AND COQRECTIVE ACTIONS "&KEN ThlS report di lSCLlSSGS t‘he

NEPSNT  SYUUARY SWIRT o [
7 S T i T e T o s T TR AOGRAT G MEAPON ST8TE | T
Parts Mounting & Bondlng Study, Hybrid q NA SA 3. aav] mo [ v,
Microcircuits l; CRIGIHATOA'S REPOAT KO. restcome [ 23] 7171
4. ORIGINATOR'S REPORT TITLE  Section C.2 of Report g 1-2348 remT. comri] 23 8171
of Test on "Study of Bonding Methods for6 TEST TYPE, ETC. b
Flip Chip and Beam Leaded Devices® { Environmental and Temp/Vib.
Step Stress Testing J
7. THIS TEST (sUPZR scccngug»EHAEng)azpoar MO ] ]
e |SA. PART TYPE, SIZ&, RATING, LOT, ETC. {9, vENDGR | 10, VENCOR PART KO. [11. IND/GOV. STD MO [1210;cd
1 Beam lead devices used in Op '
Amp. circuit in hvbrid pkde ECT ' 90
3 circuits per pkg. 30 pkgs. I
Amp_is RM709BI, 'l J
2 Aluminum bump flip chip ‘ , '
| lounted transistors (2N930) ECT. l 85
mtd. in flat pack. 6 transist { 1 i
per pack. 16 packs. 11 trans stors not installled (ovE R
13, INTERNAL SPECS.ETC REQ'D TO UTILIZE REPT. ENCL{  SENT WITH REPORT NO. [ 14 MIL. SPECS./STDS. REFERENCED IN 15C
Al GO-00001 D} CER 30234 IE | MIT-8TD-883
B | REM 10160 '
L6 LREM 101650 1 _ { 1 J
MSA C 0] F GO
TEST OR ENVIRONYENT SPEC. PARAGRAPH/ | E THE A
| ONMENT otnl D/ COMDITION TEST LEVELS, DURATION AND OTHER DETAILS R
‘rA[ Initial _ 4 :
.FLec rical 7.0 VPP input 90
2] Initial. i _ _
IElectrical @ Ip = >ma, Vog = 5V 8>
1 3 | Initial - 7.5 6
: = 7. ma : 907 1
Electrical _ VZ vel '
1 | Thermal A Paﬁa'a'{O%OZ -55"Ce+857C;transfer time 15sec;
Shock ,ﬁiégnmaa%in_ elec. after 15 cycles & 25 cycles.| 30} 4
2| Thermal 'y ?aia'd 1818-2 -55°Ce+85°C; transfer time 15 sec,
Shock | E{885R0 elec. after 15 cycles & 25 cycles.| 23] 1
' 3] Thermal P ?g§a6d31818°2 -55°Ce+85°C;transfer time 15 secs
Shock _gé?ng. A elec. after 15 cycles & 25 cycles. | 30 0
| 1 | vibration |pa ﬁg£ﬁéd3260§'3 '20-2000-20Hz in 4 min. 3 axes. !
Sine Egtond. A elec. after each axis.4cycles/axis| 30| 2
_2j3vibration FX“§6€6-63280%-3 20-2000-20Hz in 4 min.3axes 4cycles/ :
Sine ,gl gngo A axis.elec. after each ax1s(30T& 0D) 0
(2| Thermal B +25°C, —65 c, $1257C, %25°C; T cycley |, )
Scan, i oh») elec. test C/mln. change .
POy 2 : x
5

effects of various environments .on three different bonding techniques:
beam lead, aluminum bump flip chip, and solder reflow flip chip. The
beam lead devices were in an operational amplifier configuration and
i were tested for output null voltage and output peak-to- -peak voltage -

1 (27.5VPP). A failure was classifiéd as a device which did not switch on
,dn input square wave signal. This would result in having only the

IO'w’:W'oo"ooisz-'ws oN |

positive or negative " half of the 27.5VPP output voltage. There
iwere ten (10) total failures of the beam lead devices. The transistors
‘—Tf‘LYQPTKD ‘;210”0 . ;v HJ :;Tl?émrghc’.':"""'”” '“UL" <5 )9 5'“’“'9 ik - q;s.“é;;?é;éfg; : :SUm_ownzAc'lon e T
R s [:? lihelilel ] T ,
Y it T T T T T R T o S o :.—:5-;..—\~ z oz R

REPRODUCTION OR DISPLAY GF H’Hi’ Mf.TL‘?'AL FOR Sé\L ;S OR PUBLICITY PURPOSES 13 P*!OH!E%ITED
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|

(2, [3A_PART TYPE, SI2E, RATAIG, LOT, T R0 | 10, VENDOR PART KO [11. 1ND/GOV. STD. N0 Ji2 72r el
3| Solder reflow flip chip mtd !
diodes {GAZ8075) 1in hybrid ECI- | 90
flat pack. 15 packs. 6 diodgs S [
per pack. ' -
[
:
|
§ 2 ", L R . g y F G
132 TEST OR ENVIRONMENT por | 0 SPEC. PARAGRAPH/  [E TEST LEVELS, DURATION AKD GTHER DETAILS wo | e
LY L g:LE:C: “JETHOD/CD’ND'TION TESTEC{FAILFC
1,]3 Thermal B +25°C, -65°C, +125°C, +25°C, 1 cycle;
Scan c,D . 30 beam lead & 30 diodes: 5 °c /mins_ 160 10
1,2,3 vibrationp 70G max or 0.06 in DA. 1 cycle=
Scan cDb ' 20-2000-20Hz(30beam, 11T, 12Dicdes) 153 10
(1.2, 3Tenp.Vib |5 | para. 3.3.3.4]02 beam lead,1l trans. 12 diodes) |
Step Stress TesiBCID Step 1: -55°C 20 G sine 3510
Step 2: +85°C 20 _G Sine 35 10
al
Step 3: +85°C 30 G Sine 3510
- Step 4: -55°C 30 G Sine 35 10
| ' L
[ Step 5: -60°C 50 G Sine 35 10 |
— Step 6: +100°C 50 G Sine 35 10
l . : i
Step 7: +125°C 70 G Sine 35 {0
] .
Step 8: -65°C 70 G Sine 35 {0
. Step 7: +125°C 70 G Sine 35 |0 |
| Step 8: =65°C 70 G Sine 35 }0 !
Step 7: +125°C 70 G Sine 35 10
— Step 8: -65°C 70 G Sine 35 {0
- TR T gy > S e omema T : . A I m“*‘\\\
T6 SUMMARY OF REPORT, NATURE OF FAILURES AND COSRECTIVE ACTIONS TAKEN: 51 dlodes mounted as compo- (S
nents using aluminum bump £lip chip and solder reflow flip chip techni- -
gques, resp, were tested as piece parts. The transistors and diodes. were G
considered failures only if the continuity to the component elements &
{(collector,base,emitter on transistor; anode and cathode on diode) . N
iopened; not if the component parameters failed. There were nine (9) .8'
transistor failures and one (1) diode failure. (K
Failures which seem to have been actually caused by env1ronments are as || ©
Hfollows: four(4) beam lead and two(2) aluminum bump in thermal shock; o
Hthree(3) beam lead in sine vibration; and one{l) aluminum bump in thex- o
imal scan prior to actual step stress testing. E
=Y
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cont'd

16. For the mechanisms of the failures,

conclusions, and any

appropriate corrective actions see the "Summary and
Conclusions" Section D of the Final Design Report "Study
of Bonding Methods for Flip Chip and Beam Leaded Devices"

of which this report is a part.
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that transistor parameters could be measured. ' There

Engineering.

Reason for Test: To evaluate microelectronic bondihg
techniques and processes.of the follow1ng bonding
methods:

a. Beam Lead
b. Aluminum Bump
c. Solder Reflow

Description of Test Samples

Beam Lead: These active devices were bonded in an
operational amplifier'configuration (RM709BL) . There
were thirty (30) flat packs each of which had three (3)
circuits. S/N's for the flat packs were 404-413,
415-422, 427-438. '

Aluminum Bump: These units were 2N930 transistors
mounted in an aluminum bump flip chip configuration.
Leads were brought directly out of the flat pack so

were sixteen (16) flat packs with positions for six (6)
transistors in each pack. Eleven (11) positions were
not filled. §/N's for the flat packs were 101-111,
113-116, 119. :

Solder Reflow: These units were GAZ 8075 7.5. volt zener
diodes mounted in a solder reflow flip chip configuration.
Leads were brought directly out of the flat pack so that
the diode parameters could be measured. There were
fifteen (15) flat packs with positions for six (6) diodes
in each pack. All positions were filled. S/N's for the
flat packs were 204, 205, 207-219.

Disposition of Parts: All parts were returned to the
Project Engineer in Space Instrumentation Design '

Abstract, Conclusions, Recommendations

Abstract: This report describes the effects of thermal
shock, sine vibration (vibration fatigue), and temperature/|
vibration step stress tests on beam lead, aluminum bump
flip chip and solder reflow flip chip mounting methods.
Since the objective is to evaluate mounting techniques

and processes rather than piece parts, a "failure" was

PAGE._ ' OF REPORY NoO._1-2348
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defined as an electrical open circuit.
or device shorts did not- constitute a failure.
"open" was assumed if the operational amplifiers in

which the beam lead devices were mounted did not switch
output voltage polarity with a switch in input voltage

polarity.

The initial electrical readings were taken to give a

base for comparison of data cn future tests.

The beam lead devices were tested in the circuit shown

on page 33.

The following is a list of tests and the failures which

occurred:

Parameter shifts

An

OF

Beam Lead Alum. Bump Solder Reflow
No. Failure| No. Failure| No. Failuxe
"Test Performed Tested|S/N Tested|S/N Tested |S/N
Initial Electrical 90 427-2 85 101-1 20 210-6
436-2 . 104-5
437-2 109-6
110-3
113-5
114-2
115-5
Thermal Shock 30 416-3 28 106-3 30 210-6
431-1 . 109-6
434-2 110-3
434-3
Vibration Fatigue 30 405-3 30 10L-1 . 30
' 408-2 104-5
427-2
428-1
Temp./Vib. Step
Stress Test
a. Thermal Scan 30 437-2 27 111-2 30
o ' 113-5
114-2
: . 115-5
b. Vibration Scan 30 437-2 11 113-5 12.
c. S. S. T. 12 11 111-2 12
113-5
pacE 8 REPORY NO1-2348



Beam Lead Alum. Bump Solder Reflow

Test No. Failure No. Failure No. Failure
Performed Tested| S/N * |Tested|S/N  |* |Tested|S/N | *
Summary 90 405-3 31 85 101-1 1{ 90 210-6 1
(Failed 408-2 3 104-5- 1
S/N's 416-3 2| 106-3 2
counted 427-2 1 109-6 1
only once) 428-1 3 110-3 1

431-1 2 111-2 4

434-2 2 113-5 1

434-3 2 114-2 1

436-2 1 115-5 1

437-2 1
Totals 90 10 85 2 90 1
*Notes:

o .1.This part first failed during initial electrical tests and
was considered a control failure throughout the remainder .
of the test program.

. .2.This part failed thermal shock.

" .3.This part failed vibration fatigue.

.4.This part failed thermal scan prior to step stress testing.-

9PE - 134

4.2 Conclusions and Recommendations: For the mechanisms of
the failures, conclusions and recommendations see the
"Summary and Conclusions" Section D of the Final Design
Report "Study of Bonding Methods for Flip Chip and Beam
Leaded Devices" of which this report is a part.

OF ___ REPORT NO. _1—2348
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TEST DATA SHEET

Engincsering Llaberatery

ELECTRONIC COMMUNICATIONS,INC,
ST.PETERSBURG 10, FLORIDA

TEST PERFORMEDS97. . parg_ 2=23-2/ /

E.C.I. PART NO._— TESTED BY L. wearzrs /20
MFR. NAME _€c L WITNESSED BY 7 L
PART NAME 2&AM L EAOED (; s/ Fw‘ff‘b&} APPROVED BY ___ Vé/;/%//bx/

AP AMP. Rm7od &c

STEPZ 7 | smp”S | Sppr) | SEFES

S/ | el | sewres

fopem

Y17 (1357 | o |+259| of |FLyv| pk 33,70 of<
=AO27 | phk  |-ro.2p| i |920.23] ok |“ilo.oz| o«

+50s | ok |1Y.99 1 or |+5.08| ok |+5/72| ok

SIE | ~L.F1 ok |-L,82] ek (37| 0/c [+529 ok

23| ek [Z228 | s =L.P5| ol (L.82| ok
#2.24 | ok #2361 ok =174 ok |[+1.38] Ok

09 |-/ ok |-5L7] ok |~5s5¢| ok |-£s9 | ok

JG88| sk | 200 ol 19,24 por =220t ot

+3.82| p& |#3.97 | ol 43,90 ok |#3.24| ok

Y20 |~0.59| ot |~0.43| ok |-0,74| Ok |-0.5B| ok
' +2.33 | ok 42,24 | ok 43,3 o/ | +2.35| ok

+2.22 | e [ #2.38 | ol |12.%D] ok |42.48| ok
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SPE-154

Test Circuit for Testing

| Beam Lead Flat Packs
Circuit is RM709BL

V+
cl
Rsz )__‘
WV ‘
D.UT.".
_o‘.'—j\/\/\"'ﬂ_
RSI RL
p R1
Sig. C :
Gen.
= V-
NMVV
Rep
= 415.00 volts
= -15.00 volts
D.U.T. = Device Under Test
R _, d =
g2 and RL 10K ohms
Cl = 56 pf
C2 = 500 pf
Rl = 1.5K ohms
RFB = 4CK ohms
RL = 10K ohms
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D CONCLUSIONS AND Rh(“OMMENDATIONS

With the exception of the aluminum beam lead device, ECI has been able
to provide handling, bonding, 1nspect10n and screening guidelines for flip
chips and beam leaded devices Due to time and funding limitations the
envronmental testlng phase of the program was limited to approximately
50 percent of the total number of devices which were originally planned
Even with a limited sample lot, ECI has been capable of for mulatmg

meamngful conclusmns for the various devices.

'The gold beam leaded devices appear to be.very reliab}e with respect to
bonding techniques. The failures which were sustained during step stress
testing were traced to device related failures. Careful handling of the
beam leaded devices'priof to attechment is essential for insuring reliable
assemblies. The "wobble head" bonding procedure is the optlmum '

te chnlque for attaching this type of device,

As described in.previous sections the aluminum beam léaded device Ar.equire
special handling equi pment which was not available during the prograin If
is recommended that further work is accomplished on this device since it
-may be a key element for radiation hardened assembh’es. - Also, it may

prove to be the most economical approach on a long term basis,

The solder bump chip appears easy to handle and results in a very simple
attachment pr ocedure. The only anticipated problem with this device may
be long term reliability from a known histery of solder cracking problems
which has been investigated on other programs relating to high reliability

space appiications.

The aluminum flip chip, although easyv to handle, presents a problem of

U7

establishing a consistent bonding schedule. The failures which were
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‘sustained during step stress testing had resulted from-a separation
between the bump and the substréfe metallization. The indication is that
"although an optimum schedule was established on the ultrasonic bonder,

- a control problem was encounteréd which could not be predicted. An
inveStigation into ultrasonic. bondihg problems has been accomplished by
the National Bureau of Standards during a recent two year study. The
results of that study substantiate -Véome of the problems which were en-

countered on this program,

The following table is an aitempt to indicate relative factors of the

devices which were included in thlS program.,

ALUM, . SOLDER GOLD ALUM, -
FLIP BUMP BEAM BEAM
CHIP CHIP LEAD . LEAD
Unl-orml.ty of Fair Good Excellent Excellent
product _ _
Handling Fase - Excellent FExcellent  Fair Poor¥
Bondability - Fair Excellent Good *
Inspectability Poor Fair** Excellent *

Further study will be necessary before any meaningful
conclusions can be reached.

3%

ok Inspection of the solder bump devices is enhanced by the
utilization of x-ray techniques.
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